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1 22.29 
PROCESS FOR THE PREPARATION OF AN AQUEOUS POLYMER DISPERSION BY 

MEW-EMULSION POLYMERISATION 

The present invention relates to a process for the preparation of an aqueous 
5 polymer dispersion by mint -emulsion polymerisation. 

The preparation of aqueous polymer dispersions by the technique called mini- 
emulsion polymerisation is known since several years. Mini-emulsion polymerisation 
offers a number of advantages over conventional emulsion polymerisation, such as the 
possibility to encapsulate or even to incorporate hydrophobic components into the 
polymer during the polymerisation. In addition to the monomers, water and surfactant 
which are generally used during conventional emulsion polymerisations, mini- 
emulsion polymerisation requires the presence of an additional component which 
stabilises the small emulsion droplets formed during the mini-emulsion process and 
before and during the polymerisation processes. These additional components are 
usually hydrophobic components that have no or extremely low water solubility and a 
good auscibility with the monomer. WO 00/29451 and ITS 5,686,518 disclose a series 
of hydrophobic components that are suitable for the stabilisation of mini-emulsions 
In addition to these hydrophobic components, the mini-emulsions described therein 
reqmre also a surfactant such as sodium Wyl sulphate or other alkylsulphates 
sodium dodecyl benzene sulphonate or other alkyl or aryl sulfonates, sodium ' 
stearate or other fatty add salts, or polyvinyl alcohol, in order to stabilise the emulsion 
droplets before and during the polymerisation and the polymer particles obtained after 
polymerisation. When these aqueous polymer dispersions are used for coatings or film 
formation, the presence of these surfactants often causes defects, for example by 
migration or by clustering Into hydrophftic "pocket*-. The presence of surfactants 
towers certain properties of the resulting coatings or films, such as water sensitivity or 
may cause other problems like water whitening and efflorescence. 

The present invention overcomes these problems by providing a process for the 
preparation of aqueous dispersions by mini-emulsion polymerisation where these 
surfactants can be omitted or where their level can be significantly lowered 

The present invention therefore concerns a process for the preparation of an 
aqueous polymer dispersion by mini-emulsion polymerisation comprising the steps of 

(a) forming a mb*irecamprisxr^ water, at least one amphipbJUic stabilising polymer 
having a number average molecular weight M n oFSOO to 10OO00 and an acid 
number of 50 to 400 mg KOH/g. at least one hydrophobic co-stabiliser and at 
least one a.p-ethylenically unsaturated monomer. 

(b) subjecting the mixture formed in (a) to high stre5s techniques so as to form a 
mim-emulsion comprising stabilised droplets having ^ average of 10 to 
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1000 ma and comprising the hydrophobic c-stabillser and monomer, dispersed 
In an aqueous phase, ^ OT 

(c) polymerising the monomer within the droplets 

su*«anfe. such as a**, tn* at* a^a^sul^ ^ sulptonMes . 

^TBe amphiphflic stabilising polymer used In the process accoidtag to the 

) o^^r ^ ^ rf * ta - TOteem ^ Kteto Sc=era l apo^ 

incorporating add functions or functions leading thereto 

addiiaon polymerisation of one or mote eUtylenical^r unsaturated hydrophobic^ 

^^ s -»-^.ane tt ^ C es« flre . tt oh ulyteae<m(1 ^Xr*ereof 
' with one or more ethylenically unsaturated hvrf,™*,,,. thereof. 

=======s~=3==: 

Other amphiphuic polymers suitable for beJiur , «, 

£======s==E=r 

«. at least one organic compound containing at least 
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CHOJxWCOOHJy. wherein R represents a straight or branched hydrocarbon residue 
haVing 1 to 12 Cart3 ° n atoms " and X and y independently are integers from! to 3 The 
most preferred hydro^hoxylic acid, ate the a^-dim.thylolalkaaaoic acids, wherein 
*=2 and y=l in the above general formula, such as for example, the 2,2- 
dlmethylolproplonic add. 

The amphophilic stabilising polymer is more preferably a copolymer derived of 
XToZl^ S * hy * li * e ^ " COSU * yB * a: deiiVed ° f8,yrene ' — thyl siyrene and 

The ampnipmUc stabilising polymer used in the process according to me 
invention preferably has a solubility in the aqueous phase of the mini-emulsion of at 
least 10-2 g/ l (as measured at 25 °q>. more preferably of at least 10-1 ^ ^ m0£Jt 
preferably of at least 1 g/L 1 

The amphlphihe stabfflsing polymer used in the process according to the 
invention preferably bas a M n of 900 to 50000. more preferably,* 1000 to 25000 
IS The amphiphilic stabilising polymer Used in the process according to the 

invention preferably has an acid number of 100 to 350.mg. fcoH/g. more preferably in 
grange of 150 to 300 mg KOH/g. The acid number is.denned as me arn^ 

gT^pt:*^^ 

,th tovenhon is generally m the range of0.5to!5 % by weight relatives me *2 
^^PH^ylenicaUy unsaturated monomers used. The quantity of amphophilic 
^u^mer does preferably not eieeed 8 % . ^ preferably not 5 » by 

25 I^alH^!^ 

25 especially at least 2 % by weight restive ^ the total weight of o. P ^thylenically 
unsaturated monomers used. ! 

Hydrophobic co-etablbser as used ui the p „ cra ^ ar<u to ^ 
m^t to de^ te a =on.po^ ^ ^ b ^ ^ ^ ^ 

Suitable hydrophobic co-stablbaers are hydrocarbons, especially aUcanes or 

bee^eted ^ denSatton -P^-*"-- Also polymeric co-stabilisers have 
been described, for example in US 5.686.518. 
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reacdee hydrophobic co-stabiaBer. By reactive ftydrophob.c co-etobUKers „ ^ 

^^rt!^ 511 compounds are hydrophobic (co)monomers such as steaiyi acrylate 
and «her ka* chain taedaacry.atos. V^cr^oraers: hydr^hobto dJ^ST 

««*-~ ana or seen hydrophoWc ^ „ 2>Mlni 

OTrf ^,7r ,, T' UB6d 10 *• -»■*■*■ *o tte invention* 

prrferabfcr chosen from altonea or alcohols containing from 12 to 24 cartTj 
copeato*r hexadccane. and Son, achates --Wta U iT^ZT 
their matures. A mlaure of acrvlata* 1. f*r „TT^ , atoms, and 

.5 « N ore^ A . ia . 22 .^^ toBte ^ fe ^-r'«'-der a ,enan B 

tte hydrophobic co*aba^ laeen ^ lu ^ IIlt ^ m ^ 
4»hy TOS ht prefera hly fr0 n.0. 1 to •w.by.elght ^^Z^^L 

[aj of the process according to the inven«nti t,. *h ' i p 111 cep 

20 teojmononxers such as deslLT* >, ^ '^^c 

_ /T 33 de5Cnbed here above are used that function both as 

, 5 st ^.^^° WCWS,a, ^ te ° M ='lco ta ,onon.er. U .e hydrophobic oc- 

SSSL^T 8 "r"* - * Ptcferencn, 0.0^ M by 

weght, based on the overall weight of monomer(s). ^ 

methaciylate. n-butyl acrylate, n-butyi mediacrylate 2- aJL~T , 
««haerylato. 2-«hy1he*y, meUu^ryhde. ^f^"^ 

-W *ren. «ny! toiuene and «,ut* e^reae,. p^^'ZZ^^T 
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acrylonitrile and methacrylonitrile), pofymerizable amide compounds, a-olefin 
compounds such as ethylene, vinyl compounds such as vinyl acetate, vinyl 
propionate, and longer chain vinyl ester homologues; vinyl ethers, vinyl and vinylidene 
halides. dlene compounds such as butadiene and isoprene. Other suitable «,0- 
ethylenically unsaturated monomers are those with fluorine or silicon atoms, such as 
1H, 1H. 5H-octafluoropentyl acrylate. and trimethylsiloxyethyl acrylate. 
Preferably a.p-ethylenical]y unsaturated monomers are chosen from sryrenes. 
acrylates, methacrylates. vinyl and vinylidene halides. dienes, vinyl esters and their 
mixtures. Particularly preferred are methyl methacrylate, styrene. vtoyi acetate, 
methyl acrylate, butyl acrylate. ethyl acrylate. 2-ethylhexyl acrylate, butadiene and 
vinyl chloride. 

The quantity of o.p-ethylenically unsaturated monomers used in the 'process 
according to the Invention is in general from 10% to 70%. preferablyW 18% to 60% 
by weight based on the total weight of mixture (a). 

According to another embodiment of the process according to the present 
invention, one or more water-soluble monomers (hereafter designated as secondary 
monomers) may be added to the mixture formed during'' step (a) in addition to the a B- 
ethylenlcelly unsaturated monomer^). These secondary monomers are generally 
addition potymerfeable ethylenically unsaturated organic compounds which have a 
^atar solubility higher than 15 % and are used only in small percentages in a 
monomer mix and only in the presence of at least one «. (3-ethylenically unsaturated 
monomer such as described here above. The percentage of secondary monomer 
present in the monomer mix does preferably not exceed 6 %, is more preferably oto4 
%. and most preferably 0 to 2 %, based on the total monomer weight Examples of 
secondary monomers are acrylic add. methacrylic add. 2-sujfoethyl methacrylate. and 
maleic anhydride. The use of secondary monomers may impart desired properties to 
the coatings produced when using the'polymer dispersions obtained by the process 
according to this invention. 

hi another embodiment of the process according to the invention, at least one 
surfactant chosen from anionic cationlc and non-ionic surfactants is added to the 
mixture formed in step (a). Suitable surfactants include attyl sulphates, such as 
sudium laurvl sulphate; alkyl, aryL al^laryl and arylalkyl sulphonates. such as 
sodium dodecyl benzene sulphonate: fetty add salts such as sodium stearate- 
polyvinyl alcohoL fatty alcohol polled ethers, such as ethoxylated linear fo«y 
alcohols containing from 10 to 100 ethylene oxide units. 

* SUlfeCtant d06S not 2 % °y weight based on the 

total weight of monomers used in the process according to the invention. Preferably, 
the amount of surfactant does not exceed 1% by weight, and even more preferred, the 
amount of surfactant does not exceed 0.5% by weight based on monomer. 
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Hie mixture formed In step fa) may alsb cnnta*™ ™ Q „ 

„ 1 y .° con tain one or more components that 

F us rapaoje of adjusfang P H are ammonia, amines (for examd* tw^v,, , . 

adjusting compound Is preferably chosen iL™ , waaej./ine pH- 

Th«nH=H- « ^^Vdiosenfinm ammonia or sodium' hydroxide 
The pH-adjusting compound may be Ja*** * , ; ' 

15 adjusting compoundis added to ^ ^ ^ ^ 

is used in step (a). ^phiUc/polymer before the latter 

Hie formation of the mixture in r&\ n r+u t 
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The formation of the mixture during st ip (a) of the process according to the 
invention is generally done at a temperature of 0 to 100 °C. preferably at room 
temperature. . 

The mixture obtained under step" (aj is then submitted, in step lb) of the process 
according the invention, to high stress techniques so as to form a mini-emulsion 
comprising stabilised droplets having a average diameter of 10 to 1000 nm. 
The term -mini-emulsion' used herein &Utes a monomer emulsion in which the 
average droplet diameter is from 1 0 to 1 dob nm. This term is used to distinguish 
conventional monomer emulsions and enuksion polymerisation processes, wherein the 
size of the droplets or micelles is larger, ikkeneral from about 1 to 10 pm. 

The droplet diameter is measured by| ijsing dynamic light scattering, for example 
on a Coulter™ N4 Plus or a Mcomp 380 jzLS device. The sample preparation involves 
dilution of a mini-emulsion sample by d4Ued water or. preferably., by deionfced 
water which is saturated with the monorUrts) that Is present to theWemulsion 
Droplet size is determined directly after Ujp le preparation, in all cases within 15 
minutes. i J t ' 

Step Cb) of the process according to U invention is preferably conducted as to 
obtain a mini-emulsion to which the droits have an average diameter not exceeding 
SOO nm, more preferably not exceeding 4oh nm, even more preferably not exceeding 
30O nm. Step (b) is preferably conducted as to obtain a mini-emulsion in which the 
droplets have an average diameter of at least 80 nm. 

ta step (bj the mixture is subjected t high stress techniques. Stress is described 
as force per unit area. One manner to which stress is exerted is by shear. Shear 
means that the force is such that one laU or plane moves parallel to an adjacent one. 
Stress can also be exerted from all sides ak a bulk, compression stress, such that 
stress is exerted without almost any. sheaj. Another manner of exerting stress is by 
cavitation, which occurs when the pressure within a liquid is reduced enough to cause 
vaporisation. The formation and collapse if the vapour bubbles occurs violently over a 
short time period and produces Intense Uress. Another manner of applying stress is 
the UBe of ultrasonic energy. 1 

In step (b) of the process according Lj the invention, it Is preferred to use an 
equipment capable of producing locaWd (high shear, preferably along with moderate 
bull: mixing. More preferably high shear xWng is obtained by using ultrasound 
treatment, colloid mill and/or homogeniaer. 

The temperature used during step Bof the process according to the invention is 
togeneral. any temperature between the freezing point and the boiling point of the 
mixture and the components present thWeto. Preferred temperatures for monomer 
mini-emulsion formation are from 20 to SO" C. more preferentially from about 25 to 
40 °C, 



nt:n7/n?/?nrR 12-^7 



07/02 -03 14 = 58 FAX 32 2 S5aadna 



10 



IS 



20 



25 



UCB Tpn 




OEB MUNCHEN 



30 



Step (fa, results In the formation of ai essentially stable mim-emulsion which 
comprises an aqueous continuous phkse and duplets comprising the «.«- 

these droplets also noted as the disperse Lhase. Substantially all or at least a ml ' 

deprotonated state is usually below a% n^&^w ~, ^ 

„ _ y Demw V 0 ' Preferably below 1%, by weight based cm 

monomer weight «gu«. oaseq on 

By mini-emulsion which is esseni-iaW a+aJi.. , 
hfe is sufficiently long so that tf^T ^ 18 ^ to des ^ that its shelf 
. , , ^ g S ° ^ ^ ^omer content of the emulsion can be 

Suaatta fte. radical u^^^T^T " " * 

as Ka^O* ROH/C^ R'la Jn organic group 3uoh aa C1-C8 ajl^l or ^ 

C8aTyDand%S 2 0 8 /Fe2+. J \\ 

The free-radical initiator may beladded t«' f>, 0 m „* 
(b). before step (b) and/or during "stl K ^ ^ 

toprexnixt^^whichisus^^ 

those cases where the solubffit^l^ "° ^ ^ 

meprembcture CO- In those ^Jl^ 

» m tbose cases whence soiubllity of the Initiator m prematura ® 

can be added to the mixture formed in 



Is higher than in prembrture («). tiJtaifete ~* 



f 3 according to the Invention. In that 
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step (a) or during or after step (b) of jthelti 

case it is preferably added to the JtijUfc* obtained after steo fb] 
During step (c) of the process af^.™ X«. , P W " 

"^stabilis^ 

when tbepH drops duringmereactES 

persulphate Initiators (for eanmta Jjlui 1 7 ' ^ a******* "f 

- [for example *pum persulphate! or by the evaporation of 
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the pH adjusting compound present in fche mixture formed In step (a) [for example 
when ammonia is used ). The pH-adjusj±ng coirjpound added during step (c) may be 
the same or different from the one addejd dujnnjj; step (a). 

The polymerisation in step (c) may pe* carried out over a broad temperature range* 



S generally from about 20 to 90 °C. Thej ijrefe 
on the choice of initiator. A preferred jpolyml 



25 to 80 °C. 



The polymerisation in step (c) of th^e p: 
conducted for 10 min to 24 hrs. 




J I 



ii polymerisation temperature depends 
SatiLon temperature range is from about 



according to the invention is usually 



The aqueous polymer dispersion* obtained [after step (c) of the process according to 
the invention contains generally polymer paLti&es having an average diameter in the 
range of about 10 to about 1000 manometers. <The aqueous polymer dispersion, which 
is also often railed polymer emulsionlor latex, preferably contains polymer particles 
having an average diameter* in the range from 80 to 400 manometers. 
Polymer latexes obtained by the process according to the Invention presents the 
advantage of having a improved ranna aility L Tlie polymer latexes obtained by the 
process according to the invention have a gjoocl stability* generally exceeding 6 months 
or even more. ,j j 

Polymer latexes obtained by the'proces 5 According to the invention are useful for 
the same kind of purposes as polyrpejr latexes, already known in the art- They are 
especially suitable for the preparation of decorative and protective coatings or films. 

is, varnishes, constructive adhesxves. 
' latexes obtained by the process 

\ m I II .i 

according to the invention 



■ I 1 

pressure sensitive adhesives, inks. gJLufes. st 
The coatings or films obtained from ijhe polf 

i all improved water resistance and a lower 
water absorption. They also present less jwaterj | whitening, an improved gloss, a better 
blocking resistance and a higher fUm llardless- 

The following examples are submijti^d for ,4 better understanding of the invention 
without being restricted thereto, i I 
EXAMPLES 
Example 1: 



1. 1 Preparation of aqueous sob 
60 g of a copolymer of styrene; cL T me 



650O and an add number in the 




nirlge < 



commercialised by Rohm & Haas) wad add' 



of l|93[,to 215 CMorezTMlOl resin. 



w/wj and 125 g demineralised wateu yh 1( 
70 D C and left to stir until the Morez resin v 
solution had 29.7% (w/w) solids. ! ji 



IJt Preparation of organic solution containing hydrophobic co-stabiliser and a,P- 



ethyienically unsaturated monom< 



&pf.zsit:(J7/O2/20O3 13:48 



4 



phiphilic stabilising polymer : 

ae and acrylic acid having a Mn of 



d'lio a mixture of 17.9 g ammonia (25% 
I 

stirring. The solution was then heated to 
yasfjcompletely dissolved. The resulting 



3 
I 
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g of siyrene. 



0.29 g of hexadecane was dissolved j 

1.3 Preparation of a mixture : I 

2S.28 g of the aqueous solution prUared was mixed with 57 6 g 
demoralized water. Then, the organic LJ of hesadecane in sfyrene prepared in 
1.2 was added to this aqueous solutidn while Jjirring (using a magnetic shxring bar at 
1000 tpm). The stirring of this nuxtu^Jwas continued for 10 minntes. 

1 .4 Preparation of a mini-emulsion 

.3 wasjthen subjected to ultrasound treatment 



The resulting mixture obtained irjj 



usmg a Branson Sonffler 450 (output) IWrol A 8 and a duty cycle of 90%) for S 
minutes. The resulting n^-emulsioaiLd a duplet sfce of approximately i 91nm 



1 . 5 Polymerisation : j j i 

O.07 g of potassium persulphate pis dissSLed h 



,„ . , , i jwas oissoived in the mini-emulsion' obtained in 

1.4, which was then transferred to a sfealerf j , ' 



1.4% coagixhim. 
Example 2 

Efcample 1 was repeated except tfikt tie 
10 minutes, j ' 




/ 



ication time of 5 minutes instead of 



The mini-emulsion had a droW size of ^proximately 416 nm and the resulting 
polymer dispersion bad a particle size of 124 nm 7 B Mnf t »,.™i 
Esajnpte3 r " n] 01 •^*nm-7.6%ofthepoh»iner was coagulated. 

3.1 Preparation of solution of anj^hiJ stabilising polymer - 

of i« if fnlTT m3leiC ^^HHr haVtafi 911 acW nuinber ^ the range 
of 165 to 205 (SMA1440 commercial)'^ by Xma) waa added to a mixture of 2^ 

then heated to 70»C and left to stir unlu the ^ resin was largely dissolved. 100 g 

jbolution was decanted from undissolved 

detaining hydrophobic co-stabiliser and 



fc/w) 



demineralised water was added- The 
SMA resin to give a solution of 8.3% 

3.2 Preparation of the organic 
a,p-ethylenically unsaturated monomer : 

200.2 g of methyl methacrylate, 85.8 g o. 
were mixed together under gentle sti^jlng. 2 



^^h^raecarbanltrile) {V40, Wslzo) j 
3.3 Preparation of the mixture z\\ 
636 g of demineralised water and 



butyl acrylate and 3.72 g of hexadecane 
> gof l,l'-azobfs(l- 



7"? sd«Jtlonaay dissolved in tilis mixture. 



0.44g< 



^hr, TC i + * r * 1 1 ^ if a non -toiic surfactant mixture of 

^WMjal*,. 

added to this water/surfactant j-'-^' Ji 11 
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1 I 

epareH in 3.2 was added slowly to the 
sttajtf \g for SO minutes. 



to high shear using a 4O0W, Dr. 

stirring was continued to achieve 
was set to 60% at a duty cycle of O.9. 
jonlflcation process, the beaker 
to keep the temperature of the 



Under stirring, the organic mixture as 
aqueous medium. The mixture was 

3.4 Reparation of a mini- em 
The mixture obtained in 3.3 was _ .... 

Hielscher UP400S sonicator probe whflfe ma 
bulk mixing. Hie amplitude setting of "the di 
Sonication lasted for 10 minu tes Duriiig 
containing the mixture was kept in 
mixture cool. 

A mini-emulsion was obtained- 

3.5 Polymerisation : 
The mini-emulsion obtained in 3. 

consisting of a 1 1 double jacketed gb 
equipped with a mechanical anchor 

The temperature of the water bam wj set at U°Q. The mini-emulsion was heated tor 
4 hrs. after which it was cooled and flfkred. TJtik resulting polymer dispersion 
contained 28.5% of solids and had a particle foe of 195 m 
Example 4 jl | 

4.1 Reparation of aqueous solutjn of aihiphilic stabilising polymer : 
60 g of a copolymer of styrene, olxethyl forene and acrylic acid having an Mn of 
1200 and an acid number of 235 Mo|U™3o| jesin, commercialised by Rohm * Haas) 
whs added to a mixture of 20.5 g ammonia pUt w/w) and 125 g demineralised water 
while stirring. The solution was then heated 




Ferred to ,a polymerisation set-up 
connected to a water bath and 



resin was completely dissolved. The reLultt 
4.2 Preparation of a mini-emulsion' 
When example 1.2 to 1.5 is repealed 
under 4. 1 here above (instead of l.l),!ja po] 
size of 163 nm and 1.3% coagulum. Tlie drop 
polymerisation was approximately 177 mn. 
Example 5 ' 

1.97g of the resin solution prep 
Then a solution containing 0.59 g h) 
ethylhexanoyiperoxy) hexane (Lup 
aayiate was added thereto while b 
minutes, the resulting mixture was 
450 (output control at 8 and a duty 
Zoning the Bonification process, the 
ice bath. 



I70°C and left to stir until the Morez 
Jsolutionhad 29.3% (w/w) solids. 

r 
i 

|g the solution of Morez30O prepared 

dispersion is obtained with a particle 
let size of the mini-emulsion before 



kd in e|ample l.l was mixed with 44.2g water. 

lecanl and 0.59g of 2.S-dimetbyI 2,5-di(2- 
c™256 |0f Atofina) dissolved in 29.6 g butyl 

using a magnetic stirring bar. After 10 
to ultrasound using a Branson Sonifier 
») for 5 minutes. 

itaining the emulsion was cooled in an 



m 



■mo n nnn 
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The resulting mim-emulslon (droplet size approximately 165 nm) was transferred to a 
sealed glass bottle and submerged in alwater bath of 70°C for 6 Hours. The polymer 
dispersion thus obtained had a particle" size of 310 nm and a solids content of 39.7% 
(w/w) and low coagulum. 
Example 6: 

6.1 Preparation of organic solution,' containing hydrophobic co-stabiliser and «.B- 
ethyleriicauy unsaturated monomer : L 

0.31 g of hexadecane was dissolve a in 14.4 g of butyl acrylate. 

6.2 Preparation of a mixture: l! 

2.28 g of the aqueous solution prlpared in Example 1.1 was mixed with 57.6 g 
demineralized water- I, 

Then, the organic solution of hexadeclne in butyl acrylate prepared in 6-1 was added 
to mis aqueous solution while stirW (using a magnetic stirring bar at 1000 rpm) 
The stirring of this mixture was continued for 10 minutes. 

6.3 Preparation of a mini-emulsion :•• 

The resulting mixture obtained irfc.2 was then subjected to ultrasound treatment 
using a 400W. Dr. Hielscher UF400S lonicator probe while magnetic stirring was 
continued to achieve bulk mixing, Thf amplitude setting of the device was set to 90% 
and the duty cycle to 0.8. Sonicatton fasted for 10 minutes.. 

6.4 Polymerisation 

0.07 g of ammonium persulphat| was dissolved in the mini-emulsion obtained in 
6.3. which was then transferred to a foOml three-necked glass reactor, equipped with 
a reflux condenser. The reactor was hfeated using an oil bath. Polymerisation lasted for 
6 hours at 70 °C. The resulting poUpr dispersion had a particle size of 134 nm and 
contained only 0.5% coagulum. .' 
Comparative example 7 (hot according to the invention): 

Example 6 was repeated without! Subjecting the mixture formed in 6.2 to 
Bonification. The resulting polymer dfepersion had 3.3% coagulum and a particle size 
of 930nm. The polymer dispersion was unstable as witnessed by partial phase 
separation after 24hrs. of storage. I j 
Example 8 j 

2.4 g of the resm solution which} Lb prepared in example 1.1 was added to 35 1 g 
of demineratised water. II; , 

0.72 g of h^decane ^ 0.72- g of A-dimdhyl ^S-dl^-othym^oylparoxy) hesane 
&uperoxiM 2S6 . Atofina) were dissohf, to 36.1 g methyl methacryiate monomer. 
This monomer solution was added t|the aqueous medium under stirring. 
After 10 minutes of stirring the restating mixture was subjected to ultrasound using a 
Branson Sonifier 450 (output centre* at 8 and a duty cycle of 80%) for 10 minutes 
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During the ultrasoniflcation, the beak* r contat ling the mixture was kept in an ice 
bath to keep temperature low and prevent ptdyimerisatlan. 
The resulting mini-emulsion had a average drojplet diameter of 128 nm. 
The mini-emulsion was transferred ini o a glasl bottle which was submerged to a water 
bath of 70°C for 6 hours. 

The resulting polymer dispersion had m average particle diameter of 245 nm and was 
of 49.8% solids. The amount of coagulum was n egligib le. 
Example 9 

68.9g of the resin solution prepared in example 3.1 and log of a 5% solution of 
sodium hydroxide in water were addeel to 275g of deraineraosed water. 

(NorsociyF^A- 1 8-22 commercialised by 
96g roe thy] methacrylate and 41g butyl 



5.7 g of a mixture of C18-G23 acrylai 
Atofina) were dissolved in a. mixture 
aoylate. 

The monomer mixture was added to 
minutes of stirring, the mixture was 



: aqueous medium while stirring. After 10 
abjectec high shear using a 400W, Dr. Hielscher 



UP400S sonicator probe while magnetic slirringwas continued to achieve bulk mixing. 



60% at a duty cycle of 0.9, Sowication 



The amplitude setting of the device wi is set to 
lasted for 10 minutes. 

The mini-emulsion was transferred tc a polymerisation set-up consisting of a II, 
double jacketed glass reactor connected to a water bath and equipped with a 
mechanical anchor stirrer. 0.3g of an moniunl persulphate was added to the mini- 
emulsion. 

The temperature of the water bath was set at Urc. The mininmiulsion was heated for 



6 hrs. after which it was cooled and f ltered. 
contained 28,4% of solids and had a leverage 
Samples taken after 2 and 4 hrs had 
respectively. 



TEhe resulting polymer dispersion 
particle size of 123 titti 
average particle diameters of 114 and 119 nm 
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(b) 



(c) 



3 



Process for the preparation of an aqueous polymer dispersion by mini-emulsion 
polymerisation comprising the stej is of 

(a) forming a mixture comprising water, at least one amphophilic stabilising 

polymer having a number average molecular weight M n of 800 to 100000 and 
an acid number of 50 to 400 mg KOH/g, at least one hydrophobic co- 
stabiliser and at least one a.p-ethylenicaEy unsaturated monomer ; 
subjecting the mixture fonned ni (a) to high stress techniques so as to form a 
mini-emulsion comprising stabilised droplets having an average diameter of 
10 to 1000 nm and comprising hydrophobic co-stabiliser and monomer, 
dispersed in an aqueous pha ae ; 
polymerising the monomer within the droplets. 
2. Process according to claim l, wheirein the ampWphiUc stabilising polymer i S a 
pohoner derived of a combination of hydrophobic monomers and hydrophittc 
monomers Incorporating add functions or functions leading thereto 
I. Process according to claim 2. wherein the amphophilic stabilising polymer is a 
copolymer derived of styrene and Laleic anhydride or a copolymer derived of 
styrene, a-methyl styrene and achylic acid. 

4. Process according to any of claim! 1 to 3. wherein ihe amphophilic stabilising 
polymer has a solubility in the aqjueous phase of at least 10-2 g/L 

5. Process according to any of claimk 1 to 4. wherein the quantity of amphophilic 
stabilising polymer used is in thelrange of 0.5 to 15 % by weight relative to the 
total weight of a.p-ethylenically unsaturated monomer. 

6. Process according to any of claimL 1 to 5, wherein the hydrophobic co-stabiliser 
has a solubility in water of less than 5.10-5 g/1 

7. Process according to any of claims 1 to 6. wherein the hydrophobic co-stabiliser is 
chosen from alkanes or alcohols Containing from 12 to 24 carbon atoms and from 
acrylates containing from 18 to 2b carbon atoms, and their mixtures 

8. Process according to any of data s 1 to 7. wherein the hydrophobic co-stabiliser is 
used in an amount of from 0.05 to 40% by weight based on the overall weight of 
the mixture prepared in step (a). 

9. Prongs according*, »y of dates J. to 8. whereto e» ^p-irthylemcalh^ 
unsaturated monomer has a sohWity in water of not more than 15 % 

10. Process according to any of claims 1 to 9: wherein the a.p-ethylenically 



unsaturated monomer is chosen 



vinylldene halides, dienes. vinyl esters and their mixtures 



from styrenes, acrylates. methacrylates. vinyl and 
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1 1. Process according to any of claims 1 to 10. wherein not more than 6 % by weight 
based on the total monomer weight of one or more water-soluble monomer having 
a water solubility higher than 15% is added to the mixture of step (a). 

12. Process according to any of claims l to 11, wherein not more than 2 % by weight 
based on the total weight of monomers, of a surfactant chosen from anionic 
carionic and non-tonic surfactants! is added to the mixture formed in step (a). 

13. Process according to any of claims' 1 to 12. wherein one or more components that 
modify the pH are added to the tofrture formed in step (a). 



14. Process according to any of claims' i to 13. wherein step (b) is conducted so as to 



form a mini-emulsion comprising stabilised droplets having an average diameter of 
at least 80 nm and not exceeding 500 nm. 

15. Process according to any of claim! 1 to 14, wherein the high stress technique of 
step (b) is applied by an equipment capable of producing localised high shear, 
preferably along with moderate bulk mixing. 

16. Process according to any of claimi 1 to 15. wherein the monomer within the 
droplets is polymerised in the presence of a free radical initiator. 
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ABSTRACT 



Hie Invention relates to a process for the preparation of an aqueous polymer 
dispersion by mini-emulsion polymerisation comprising the steps of (a) forming a 
mixture comprising water, at least one amphiphilic stabilising polymer having a 
number average molecular weight M n df 800 to 100000 and an acid number of 50 to 
400 rog KOH/g, at least one hydrophobic co-stabiliser and at least one a,p- 
ethylenically unsaturated monomer ; (bj subjecting this mixture to high stress 
techniques so as to form a mini-emulsion comprising stabilised and polymerising the 
monomer within the droplets. 
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